The ability of the kidneys to excrete an acid urine is often assessed by correlating plasma carbon dioxide and urine pH. A low plasma CO2 should be accompanied by a low urine pH, provided that respiratory function is normal. Buchanan and Komrower (1958) consider that the renal excretion of hydrogen ions is normal in children if urine pH falls below 5 0, after a single dose of 0-g./kg. of ammonium chloride has been given to produce metabolic acidosis. Under similar conditions, urine pH falls to below 5 2 in normal adults (Wrong and Davies, 1959) . However, Elkinton, Huth, Webster, and found that urine pH was not suifficient to differentiate latent cases of renal tubular acidosis in adults after prolonged administration of NH4Cl. These authors suggested a quantitative assessment ofthe renal response to an ammonium chloride load by the 'hydrogen ion clearance index' calculated as the product of the total H+ excreted in the urine (mEq/min./l -73 sq. m.) and the plasma CO2 content (mEq/1.) in subjects after a continuous NH4Cl administration for 3-5 days. Abnormally low values of the index were considered to indicate renal acidosis. This index has not only proved a sensitive one in cases with latent renal tubular acidosis, but also useful in revealing the latent renal defect in otherwise normal relatives of patients with renal tubular acidosis, thus contributing to our knowledge of the genetics of the disease .
In the present study the renal H+ excretion on normal diet, as well as after the addition of NH4Cl for several days, has been investigated in order to determine values for the hydrogen ion clearance index in normal infants and children. Results from similar investigations in children with renal tubular acidosis and their relatives will be reported later.
Subjects and Methods
Studies were carried out on 26 normal infants and children, mostly in-patients who had recovered from diseases not associated with renal or metabolic disturbances. No subjects with abnormal respiratory function, abnormal plasma electrolyte or blood urea levels, or abnormal urines were included. Where necessary urea and endogenous creatinine clearances were estimated, and found to be normal for their age.
Since little is known about younger infants after the neonatal period, it was thought desirable to divide the results now obtained into two groups, one including those children aged 1 year or less, and the other including children over 1 year old. The younger age-group consists of 12 infants, 6 girls and 6 boys, whose ages range from 2 to I 1 I months, 3 of whom were only tested while on normal diets, 8 while on normal diets and also after NH4Cl had been added, and one only during NH4Cl administration. In each case, the infants were fed on a reconstituted dried cows' milk, with suitable semi-solid foods, except for one aged 2 months who was on the milk mixture only. The older group consists of 14 children, 5 girls and 9 boys, aged from 1 year I month to 16 years: 6 were tested both on normal diets and after NH4Cl had been added, and 8 only while NH4Cl was being given.
Collection of Urine. Urine was collected for a period of four to nine hours (average about six hours) during the day, each collection being accurately timed. Older children were asked to empty their bladder directly into chemically clean bottles or pots. The urine was collected from male infants by using Paul's tubing strapped around the penis, and from females by the use of a metabolic bed. The specimens were refrigerated and at the end of the test they were pooled and analysed immediately for pH, titratable acidity (TA), titratable acidity less bicarbonate (TA -HCO3-) and ammonia. In most cases the pH of the individual specimens of each collection was also determined. Fluid intake was increased whenever possible in order to augment the urine flow, and thus minimize the error from incomplete emptying of the bladder. Incomplete collections due to leakage around the tube, or specimens contaminated with faeces, were discarded.
A blood sample for plasma CO2 content, and in some cases for blood pH, was taken about the middle of the period during which urine was collected and two or three hours after a meal. 33 PEONIDES, LEVIN, AND YOUNG Hydrogen Ion Loading. The renal response to an added load of hydrogen ions was tested by giving NH4Cl, usually for three days or in some cases for four or five days. Since the results in those few who had NH4Cl for the longer period did not differ significantly from the mean values of the majority who had been given it for three days, all the results have been analysed together. The dose of NH4Cl was from 6-0 to 9 0 g. (115-166 mEq)/day/1 73 sq. m., the actual dose being 1-0 to 7 5 g. day according to surface area. Each subject had the same amount daily, divided in three to four doses given with or after meals, to the younger children as a mixture in syrup, and to the older in uncoated capsules. No side-effects were observed apart from slight vomiting in three subjects on the second day of administration, but this was never severe enough to necessitate withdrawal of the NH4C1. A few of the older children were given the salt at home, but all came into hospital for the last day of the test. The urine was collected during the last day of NH4C1 administration as described above, blood being taken two to three hours after a meal, when the subject had already taken the first of the three or four daily doses of NH4C1.
The surface area was calculated from the height and weight using the Du Bois and Du Bois (1916) (Hawk, Oser, and Summerson, 1954 (Albright and Reifenstein, 1948 
Results
The individual findings for the younger age-group are shown in Table I and for the older in Table 2 .
A comparison of the results in the two groups shows that both on normal diet and after NH4Cl has been added, the plasma CO2 was about 2 mEq/1. lower in the infants under I year. Urine pH was approximately the samre in the two groups, as was the output of NH4+, though after NH4C1, this was a little higher in the older group. However. the urine of infants showed a higher titratable acidity than the children, both before and during NH4C1 administration and therefore a smaller proportion of H+ was excreted as NH4+.
It is interesting to note that under normal dietary conditions the total H+ excreted by the older agegroup was about one-third less than the amount excreted by the infants. This may be explained by the fact that the diet of children contains less protein per kg. body weight than that of young infants who are being fed mainly on cows' milk, and the relatively large amount of phosphate in cows' milk also contributes to the excess of TA in the urine. After the acid load, the total H+ in the urine of both groups was the same but the proportion of TA remained higher in infants, the children compensating by an increase in ammonia production.
There is no marked difference between the two agegroups in the mean values of the H+ clearance index after NH4Cl administration, though by exclusion of one exceptionally high index in the infant group a The index in subjects receiving a free diet varied widely. It can be very low or even negative if the diet is alkaline, when the subject is excreting more HC03-than NH4+ and TA together. In these cases the renal ability to excrete H+ can be assessed by plotting the plasma CO2 against total H+ excreted in the urine. In Fig. 1 the results for both infants and children on normal diets and after NH4Cl administration have been plotted in this way. The interrupted line joining the lower points of the graph indicates the lower limit of the values for the infants: the lower normal limit for children is slightly higher than the one for infants. Infants or children whose values fall below this line may be considered abnormal as far as renal ability to excrete H+ is concerned. Fig. 2 similarly shows the relation between plasma CO2 and urine pH. Fig. 3 shows the NH4+ output in relation to urinary pH and includes also the normal limits and the mean for adults given by Wrong (1961 indicate impaired ammonia production. Two of the present subjects whose ratio of ammonia to urine pH was below the normal limits for adults (as shown in Fig. 3 ) also had a comparatively low percentage of H+ excreted as NH4+, but this increased in one of them, who was tested after NH4Cl, from 37-2 to 60.40.
Discussion
Though the tests were arranged so that the results could be compared with those of Elkinton et al. (1960) for adults, there were difficulties in doing this, and the findings are not exactly comparable. Difficulties in obtaining accurate 24-hour specimens were avoided by using short periods of urine collections that did not require admission to hospital overnight. A further advantage in this procedure is that the urine could be analysed without delay, thus minimizing the risks of changes due to bacterial activity. Rates of daily H+ excretion calculated from a short period of the day are probably not representative of the average rates for the whole 24 hours, measured by Elkinton et al. (1960) , since urine passed at night tends to be more acid than that during the day. Furthermore, both the meals and the divided doses of NH4Cl administered during the collection period may have resulted in rapid and brief changes in the blood chemistry and the urine acidity, but blood for analysis was always taken at the same time after meals to offset this possibility.
The normal capillary plasma CO2 content in this study ranged from 19-25 8 mEq/l., which is lower than the range given by Singer and Hastings (1948) for arterial plasma in adults. The dropwise collection of blood, and the omission of paraffin oil in the collecting tube may have contributed to these lower values. In this laboratory, blood is no longer collected under oil because of the practical difficulties, one of which is always ensuring adequate mixing of drops of capillary blood under oil. Gambino (1961) has drawn attention to the fact that mineral oil may result in big losses of CO2 due to its high solubility in oil. The routine method in this laboratory is to equilibrate the specimen with alveolar air only if it is not analysed within three to four hours after its collection, but this hardly ever needed to be done in the present investigation.
For comparison, the findings from our infant group have been tabulated together with those from infants aged 2-10 months recorded in the literature (Table 3) . Unfortunately as the technique and methods of investigation among the different authors have differed, the results may not be entirely comparable. Thus, Gordon, McNamara, and Benjamin (1948) and McCance et al. (1960) analysed 24-hour urine specimens, while Fomon, Harris, and Jensen (1959) used 12-hour night specimens of urine. The latter authors analysed venous blood and this gave higher values of CO2 content in their series than in ours. The H+ output of our infants is higher than in the breast-fed infants reported by Fomon et al. and in the artificially fed infants by McCance et al., but it is much lower than that of the infants fed on cows' milk investigated by Gordon et al. (1948) and Fomon et al. (1959) . Low H+ excretion is to be expected in breast-fed infants compared with those who are artificially fed, but it is difficult to explain the large differences observed among infants fed artificially (Table 3) (Widdowson and McCance, 1958) .
The response to NH4Cl induced acidosis by both infants and children in our series (Table 4) is practically the same as that in adults , though the clearance indices of adults are slightly higher owing to higher serum CO2 levels. The present observations indicate that the kidneys of the children examined were able to cope as efficiently with the stress of H+ added to normal feeding as those of adults. Hatemi and McCance (1961) , investigating the response of newborn infants to a single dose of NH4Cl, found that H+ excretion was much less than in adults after a similar stress, the mean clearance indices in newborns being only 21 % of their mean adult values. Our results now show that in the infant the specific renal function of acidifying the urine under stress has, presumably by a process of maturation, achieved adult level by about 3 months ofage. Though the number ofthe younger infants examined in this series is not large enough to suggest the earliest age at which this maturation occurs in any individual, the results can be used as a basis for the assessment of acidosis of renal origin with increasing confidence over the age of 3 months.
Summary
The renal ability to excrete hydrogen ions was assessed in 12 normal infants aged 2-1 1 months and 14 children aged 1 year 1 month to 16 years on ordinary diets, and in most cases on the third day of continuous ammonium chloride administration. Titratable acidity and ammonium ion excretion in the urine and the carbon dioxide content in the plasma were determined within the same period, and from these values the hydrogen ion clearance index has been calculated for each child. The mean and range for the index in both age-groups, as well as the total hydrogen ions excreted/ I*73 sq. m. surface area, were found to have reached adult levels.
It is considered that the values for these normal children are suitable to use as a standard that can be applied in assessing whether acidosis is, or is not, primarily of renal origin in children from the age of about 3 months.
